Background-Whether increased severity of heart failure in African Americans is a result of differences in cardiac physiology is uncertain. The end-diastolic pulmonary regurgitation (EDPR) gradient is associated with abnormal cardiac physiology. We hypothesized that African American race is associated with an elevated EDPR gradient that may partially predispose African Americans to heart failure.
Previous studies have shown that the end-diastolic pulmonary regurgitation (EDPR) gradient provides an accurate estimate of pulmonary artery diastolic pressure, [8] [9] [10] and an EDPR gradient greater than 5.0 mm Hg is strongly correlated with cardiac dysfunction. 11 Specifically, an elevated EDPR gradient correlates with decreased functional status, elevated serum B-type natriuretic peptide, elevated LV mass index, LV systolic dysfunction, and LV diastolic dysfunction. 11 Furthermore, elevated EDPR gradients predict HF hospitalizations and allcause mortality in patients with coronary artery disease (CAD). 12 We hypothesized that African American race is independently associated with an elevated EDPR gradient, supporting the argument that abnormal underlying cardiac physiology at least partially explains the predisposition of African Americans to HF. To test this hypothesis, we analyzed data from a prospective cohort study of patients with CAD.
Methods

Study Participants
This study represents a retrospective analysis of data obtained from the Heart and Soul Studya prospective cohort study of psychosocial factors and health outcomes in patients with CAD. Details regarding the design and methods of this study have been published previously. 13 We used administrative databases to identify outpatients with documented CAD at two Department of Veterans Affairs Medical Centers (San Francisco and Palo Alto, Calif), one university medical center (University of California, San Francisco), and 9 public health clinics in the community health network of San Francisco, Calif. Criteria for enrollment were: (1) history of myocardial infarction; (2) angiographic evidence of at least 50% stenosis in one or more epicardial coronary arteries; (3) evidence of exercise-induced ischemia by treadmill electrocardiogram or stress nuclear perfusion imaging; or (4) history of coronary revascularization. Individuals were excluded if they were unable to walk one block or if they were planning to move out of the local area within 3 years. The institutional review board at each site approved our protocol, and all participants provided written informed consent.
Between September 2000 and December 2002, a total of 1024 patients were enrolled, including 549 (54%) with a history of myocardial infarction, 235 (23%) with a history of coronary revascularization but not myocardial infarction, and 238 (23%) with a diagnosis of CAD as documented by their physician. The EDPR gradient was measured in baseline echocardiographic studies in the 741 patients enrolled between July 2001 and December 2002. 11 All participants completed a day-long baseline study appointment that included a medical history interview, a physical examination, an exercise treadmill test with a baseline and stress echocardiogram, and a comprehensive health status questionnaire.
Echocardiographic Studies
All echocardiographic studies were performed in the standard left lateral recumbent and supine positions with a commercially available ultrasound system (Acuson Sequoia, Siemens Corp, Mountain View, Calif). From the standard parasternal short-axis view, a spectral Doppler pulmonary regurgitation waveform was obtained by color flow interrogation across the pulmonic valve. The velocity was measured on the R wave, near the termination of retrograde flow ( Figure 1 ). The point of measurement corresponded with the first peak deflection of the QRS complex (usually at the R wave). In most cases, pulsed wave Doppler visualized an adequate waveform, but higher velocities occasionally mandated use of continuous wave Doppler.
Before digital data collection, the sonographer screened at least 10 cardiac cycles with the patient breathing quietly at rest. Although the value of the EDPR gradient varied with respiration, the sonographer chose the highest EDPR velocity of the 10 cycles to minimize the significance of beat-to-beat variability. The modified Bernoulli equation (ΔP = 4v 2 ) was then used to calculate EDPR pressure gradients from EDPR velocity.
Standard 2-dimensional apical 2-and 4-chamber views were obtained and were planimetered with a computerized digitization system to determine end-diastolic and end-systolic LV volumes by the biplane method of disks. We calculated LV ejection fraction (EF) as: (enddiastolic volume -end-systolic volume)/end-diastolic volume. 14 LV mass was calculated using the truncated-ellipse method. 15 LV volumes and mass were then indexed to the patient's body surface area. Right atrial pressure was estimated based on inferior vena cava diameter and collapsibility with respiration. 16 Classification of diastolic dysfunction was based on mitral flow ratios of peak velocities at early rapid filling (E) and late filling as a result of atrial contraction (A) and systolic or diastolic dominant pulmonary venous flow as modified from previous studies. 17, 18 A normal diastolic pattern was defined by an E/A ratio between 0.75 and 1.5 and systolic dominant pulmonary venous flow. An impaired relaxation pattern was characterized by E/A less than or equal to 0.75 with systolic dominant pulmonary venous flow. A pseudonormal pattern was defined as E/A between 0.75 and 1.5 and diastolic dominant pulmonary venous flow. A restrictive pattern, finally, was defined by E/A greater than 1.5 and diastolic dominant pulmonary venous flow.
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Other Measurements
Age, sex, medical history, smoking status, and race were determined by patient questionnaire. We measured weight and height, and calculated body mass index (kg/m 2 ). Participants were instructed to bring their medication bottles to the study appointment, and study personnel recorded all current medications. Supine blood pressure was measured after a 5-minute rest, and pulse pressure was calculated as systolic minus diastolic blood pressure. Laboratory measurements, including serum creatinine, total cholesterol, high-density lipoprotein (HDL) cholesterol, low-density lipoprotein cholesterol, N-terminal-pro-B-type natriuretic peptide, and C-reactive protein were measured from serum or plasma after an overnight fast.
Clinical End Points
We conducted annual telephone follow-up interviews with participants (or their proxy) to ask about death or hospitalization for "heart trouble." For any reported event, medical records, electrocardiograms, death certificates, and coroner's reports were retrieved and reviewed by two independent and blinded adjudicators. If the adjudicators agreed on the outcome classification, their classification was binding. In the event of disagreement, the adjudicators conferred, reconsidered their classification, and requested consultation from a third blinded adjudicator. The end point definition for HF hospitalization has been described in detail previously. 12 
Statistical Analysis
Participants were classified as Caucasian, African American, or other based on their selfreported race on the enrollment questionnaire. The "other" category included Hispanic, Latino, or Latin American; Asian or Pacific Islander; and "another group not listed." Differences in baseline characteristics among these 3 groups were determined using analysis of variance (or nonparametric equivalent) for continuous variables and χ 2 tests for dichotomous variables. To examine the independent association of African American race with elevated EDPR gradient, we used a multivariable linear regression model with African American race as the independent variable and EDPR gradient as the dependent variable. We adjusted for variables thought to be associated with an elevated EDPR gradient or African American race (age, sex, history of hypertension, history of HF, blood pressure, serum creatinine, LV EF, LV mass index, and New York Heart Association [NYHA] class), and for variables that were found to be significantly different between the groups based on univariate analysis at P less than .10 (body surface area, A-wave velocity, E/A ratio, use of calcium-channel blockers, diabetes, smoking, HDL, triglycerides, and diuretic use).
The purpose of this study was to examine the association between African American race and EDPR. This study was not powered to determine whether elevated EDPR mediates the association between black race and HF. However, in an effort to explore whether EDPR mediates the association between African American race and HF, we used logistic regression with race as the independent variable and HF as the dependent variable. We first examined whether African American race was predictive of HF in age-adjusted analyses, and then examined this association after adjustment for EDPR. All analyses were performed using Stata software (Stata, Version 9, StataCorp Inc, College Station, Tex).
Results
The EDPR gradient was measurable in 481 of the 741 participants (65%). One of these participants was excluded because of lack of data on race, leaving 480 total patients for the analysis. Of the 480 study participants, 275 were Caucasian (57%), 87 were African American (18%), and 118 were neither Caucasian nor African American (other) (25%). African American patients were younger than patients in the other groups, more likely to smoke, and more likely than Caucasians to have hypertension, diabetes, and obstructive lung disease. African American race was associated with higher serum creatinine levels, higher HDL levels, and lower triglyceride levels. Baseline use of antihypertensive medications and statins was similar between the two groups, but diuretic use was more common among African Americans than the other two groups (Table 1) .
When comparing echocardiographic measurements between African American, Caucasian, and "other" groups, we found no significant differences in LV EF, mass index, and volumes (Table 2) . A composite assessment of diastolic function revealed no significant differences among the groups, although there was a trend toward increased diastolic dysfunction in African Americans (P = .10). Importantly, there was no significant difference between pulmonary velocity time integral (a surrogate marker of right ventricular stroke volume), tricuspid regurgitation gradient (an indirect measurement of pulmonary artery systolic pressure), estimated right atrial pressure, or right atrial end-systolic volume index across racial groups. The African American patients, however, had a significantly higher EDPR gradient (4.2 ± 3.3 mm Hg) than the other two groups (Caucasian 3.1 ± 2.5 mm Hg, other 3.5 ± 2.7 mm Hg, P = . 008).
After adjustment for variables thought to be associated with an elevated EDPR gradient or African American race (age; sex; history of hypertension, HF, or chronic obstructive pulmonary disease; blood pressure; serum creatinine; LV EF; LV mass index; and NYHA class) and variables that were found to be significantly different among the groups based on univariate analysis at P less than .10 (A-wave velocity, E/A ratio, use of calcium-channel blockers, diabetes, smoking, HDL, triglycerides, and diuretic use), African American race remained a significant predictor of an elevated EDPR gradient (β coefficient 0.75, P = .025). Table 3 shows the independent predictors of an elevated EDPR gradient based on our multivariable analysis.
Results of our exploratory analyses were consistent with the hypothesis that an elevated EDPR gradient may partially explain the association of African American race with HF. African Americans had a trend toward increased hospitalization for HF (age-adjusted odds ratio 2.1, 95% confidence interval 1.0-4.4; P = .06), but further adjustment for EDPR attenuated this association (hazard ratio 1.6, 95% confidence interval 0.7-3.5; P = .3).
Discussion
In a retrospective analysis of a well-characterized cohort of 480 patients with established CAD and a measurable EDPR gradient, we found that African American race was associated with an elevated EDPR gradient, independent of LV systolic and diastolic function, LV mass index, blood pressure, and other important covariates (Figure 2 ). An elevated EDPR gradient has previously been shown to be a marker of cardiac dysfunction, and correlates with decreased functional status. 11 Thus, elevated pulmonary artery diastolic pressure (a surrogate for LV filling pressure) may, in part, explain why African Americans with HF have a worse prognosis compared with patients of other racial groups. 7, 20, 21 The Studies of Left Ventricular Dysfunction were among the first to suggest differential HF outcomes as a function of race. 22 A post hoc analysis of the primary trial results demonstrated that mortality from HF was higher in African Americans than in Caucasians, with a 1.8-fold increase for African American men and a striking 2.4-fold increase for African American women. Subsequent studies have shown that African Americans have a more rapid progression of HF than Caucasians, 5 are more likely to have NYHA functional class III symptoms, 5 and have higher rates of HF hospitalizations. 4, 7, 23 Differences in health care outcomes among racial/ethnic populations are becoming increasingly apparent, and remain poorly characterized. Although there are many identified causes of health care disparities, including differences in socioeconomic status, educational attainment, and access to care, 24 further research is needed to identify other causes of differential health outcomes.
Research efforts have identified potential biological differences that may account for the worse HF outcomes in African Americans. Studies have shown that African American patients may have a less active renin-angiotensin system than Caucasians 25 and may have lower nitric oxide bioavailability. 26, 27 These findings were initially supported by a retrospective analysis of the Vasodilator Heart Failure Trial, which suggested that African American patients have a unique, clinically significant response to the combination of isosorbide dinitrate (a nitric oxide donor) and hydralazine (which may prevent nitric oxide degradation). 28, 29 More recently, the prospective African-American Heart Failure Trial demonstrated a 33% relative reduction in HF hospitalizations and a 43% reduction in mortality among African American patients with HF treated with combination isosorbide dinitrate and hydralazine. 30 Moreover, recent studies have identified genetic differences that may contribute to the variation in HF presentation and outcomes seen in different racial groups. 31 Despite the differences in HF outcomes noted between African American and Caucasian populations, there is a paucity of echocardiographic and/or hemodynamic data that supports these clinical observations. Indeed, as we report in our study population, there were no significant differences in measures of LV systolic function, LV mass, or pulmonary artery systolic pressure (as estimated by the tricuspid regurgitation gradient) between the racial groups. There was, however, a trend (P = .1) toward increased diastolic dysfunction in the African American patients in our study cohort. Our finding of an elevated EDPR gradient, a surrogate marker for LV end-diastolic pressure, thereby represents a novel echocardiographic marker of impaired cardiac function in the African American population.
There are several important clinical variables that may cause an elevation in pulmonary artery pressures in this population. For example, chronic obstructive pulmonary disease and other forms of chronic lung disease, 32 renal insufficiency with chronic volume overload, 33 and long-standing systemic hypertension with LV hypertrophy 34 may all eventually lead to the development of pulmonary hypertension. However, we found that the association between African American race and elevated EDPR gradient persisted after controlling for these potential covariates.
Several limitations must be considered when interpreting these results. First, only patients with prospectively measured EDPR gradients were included in our analysis. In all, 35% of these patients did not have interpretable EDPR gradients, because of poor pulmonary regurgitation flow signals, irregular heart rate, and other technical limitations. Second, the study population was predominantly elderly men, and all participants had known CAD. Thus, the implications of an elevated EDPR gradient in women, younger individuals, or in patients without CAD cannot be determined. Finally, the current investigation was limited to cardiac imaging at a single point in time. Extended observation of this population, with repeated echocardiography at predetermined intervals, would be helpful to determine changes in EDPR gradients over time, and to determine the correlation of these changes with cardiovascular events.
In summary, we found that African American race is associated with an elevated EDPR gradient in patients with CAD. Further research regarding the cause of elevated LV filling pressures in African Americans may contribute to the development of specific, tailored HF therapies for this population. Proportion of African American patients by end-diastolic pulmonary regurgitation gradient quartile. LV, Left ventricular. Adjusted for variables thought to be associated with an elevated end-diastolic pulmonary regurgitation gradient or African American race (age; sex; history of hypertension, heart failure, or chronic obstructive pulmonary disease; blood pressure; serum creatinine; LV ejection fraction; LV mass index; and New York Heart Association class) and variables significantly different among the groups based on univariate analysis at P less than . 10 (late filling as a result of atrial contraction wave [A] velocity, early rapid filling/A ratio, use of calcium-channel blockers, diabetes, smoking, highdensity lipoprotein, triglycerides, and diuretic use).
* Per decade. † Per 10 g/m 2 increase. ‡ Per 10% decrease.
